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ECONOMIC CONSIDERATION AND ENERGY POTENTIAL OF AGRICULTURAL WASTES

Frederick T. Varani
John J. Burford, Jr.

Bio-Gas of Colorado, Inc., 5620 Kendall Ct., Arvada, Colo. 80002

Introduction

Bio-Gas of Colorado has been doing business as a company for
two years dealing with treatment and reuse of agriculture waste or-
ganic materials.

We believe a commercially viable energy from the agricultural
waste conversion industry potentially exists. This paper attempts
to illustrate this statement.

Our research and studies have been conducted in Colorado,
Arizona, Utah and New Mexico in conjunction with grants from the
4-Corners Regional Commission. Much of our design information has
been accumulated from pilot plant operations and studies at the
Monfort of Colorado Inc. beef feedlots. However, the information
presented in this paper deals with Colorado exclusively.

Background '

Agriculture waste material such as steer manure has an energy
value which ranges from 3000-8000 BTU per pound of solid material.
This material currently is being used, almost exclusively, in 1ts
traditional manner as an addition to agricultural croplands. Various
processes, well known and reported, are available to convert this
manure into a form of energy product such as oil or gas.

The most often reported processes are:
1.) direct combustion

2.) pyrolytic conversion

3,) anaerobic digestion

Our studies have been exclusively concerned with the process
of anaerobic digestion for reasons which will be discussed later.

Definition

First, we'll discuss what we consider would be agricultural
wastes of an energy producing nature. Specifically we have defined
agriculture wastes as:

1.) Residue from animal husbandry operations

2.) Food processing wastes

3.) Crop residue left in the fields (or collected)

These materials are all generated in large quantities. Ttems
one and two are in a reasonably centralized or collected form and
are generated on a continuous basis. Item three is neither gener-
ated continuously or normally collected.



In Colorado, crop residues are not removed from the fields and
most agriculture state agents strongly recommend leaving this material
on the fields for erosion control in the windy climate.

Amounts

Anderson(1l) estimates 194.5 million tons of moisture and ash
free organic material from animal husbandry operations are generated
yearly in the U. S.

Burford (2) estimates that 1,065,500 tons per year of dry organic
material (volatile solids) are collectable from 17 areas of concen-
trated livestock feeding in Colorado. The maximum distance consid-
ered for transporting manure was 15 miles. This information was
generated during the summer of 1975 and represents approximately 52%
utilization of the state feedlot capacity.

In Colorado, 8 areas or potential sites have been located in
which the quantity of manure generated is large enough to justify
a utility size methane facility.

Available Energy

Before going into the amount of "deliverable" product such
manure could generate, a discussion of the conversion process and
the state of the "delivered" feedstock is in order.

Manure, as delivered, from an open dirt feedlot (found in
Colorado or in the southwest in general) would be extremely variable
in a) moisure content, b) dirt or grit ratio and c) extent of decom-
position caused by exposure during the confinement period. Figure 1
shows decomposition and organic carbon loss in a typical manure
sample versus exposure time. Figure 2 shows a typical steer manure
as received per ton breakdown.

As mentioned earlier, our work has been exclusively devoted
to the utilization of anaerobic digestion to process the manure.
Manure as a "fuel" must be processed before direct combustion or
pyrolytic decomposition could be practical. Anaerobic digestion
however, would be less affected by moisture content, being a pro-
cess whereby dilution with water is accomplished before utilization.
Dilution allows the grit to be removed by simple sedimentation. The
energy loss is less due to the water content than in other mentioned
processes,

However, the main reason that digestion is viewed by the authors
as the only viable process for utilizing the energy value of the
manure is that the process allows the nutrient and humus values of
the manure to be available to the farm community. Any process which
destroyed nutrient and humus value of manure would be found in
much disfavor by the agriculture community.

Anaerobic digestion is a process which utilizes bacteria to
decompose (ferment) the organic fraction of the waste material.
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The bacterial action is a complex process and a discussion of bac-
teria fermentation is neither the intent of this paper or practical
in the time allowed, however, for those interested, a bibliography
of excellent sources for this discussion is included in the refer-
ence section of this report. (3, 4, 5, 6)

Basically the following items are of importance in the efficient
bacterial decomposition of organic material.

1.) Oxygen free enviromment - Those bacteria known as methan-
ogenic bacteria are strict anaerobes and cease functioning
in the presence of oxygen. This requires sealed tankage.

2.) Proper digestion time- The bacteria functign at a rate °
proportional to temperature bstween 60-110 Fo(15.56-43.33 C)
Mesophilic range, and 120-150"F (48.89-65.56 C) Thermo-
philic range.

At any given temperature enough time (minimum
digestor tank volume) must be provided to allow the
methanogenic bacteria to properly process the organic
material. A minimum time of 10 days is rquired at the
Mesophilic temperature of 98°F, and 4.75 ft° of methane
is generated for every pound of organic matter introduced
into the system.

3.) Temperature uniformity - Although digestion will proceed
at any of the tegperatures mentioned, temperature changes
greater than + 2°F in any 24 hour period are enough to
cause "temperature shock”, a phenomena whereby the bacteria
become relatively dormant and gas production ceases. This
requires a temperature control system and insulation of
the digestion vessel.

4.) Nutritionally balanced feedstock - The bacteria require
basically, organic carbon (lignin or non-organic forms
of carbon will not digest), nitrogen, phosphorous and
trace elements, Manure has enough of all the nutrients
required. Increases in organic carbon alone could be
tolerated with a resulting increase in gas production.

5.) Absence of toxic elements - Heavy metals and ionic
material of high concentration can cause bacteria to
cease functioning.

When the proper conditions are provided, the bacterial action
can take place and the process of degradation or fermentation can
take place.

The gas released from the process is known as bio-gas and
roughly consists of 50%-70% CH,, 30% CO, and a trace of H,S by
volume.

Our pilot plant consistently produced a gas- of 5;% CH, by
volume (at Denver altitude) and verified that 4.75 ft-° of CH, could
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be generated for every pound of organic matter.*

Process Consideration

Figure 3 shows a basic flow schematic as proposed for the
Monfort Gilcrest feedlot. This facility is sized to handle 100,000
cattle units of manure input. (A cattle unit is 1 animal of 1000 1bs
weight). Again a complete description of the process (one of many
proposed) is beyond the scope of this report but basically, the
feed-manure is:
mixed with water,
sand and grit removed,
the resulting slurry is heated and
introduced into digestion vessels where digestion occurs.
Bio-gas removed, H,S and CO, removed, compressed and sent
into the interstatg pipeling.

Residue removed from digestion vessels, solids separated,
remaining liquid is admitted to aeration basin.

The liquid is aerated allowing aerobic bacteria to grow.
Solids again separated and the remaining liquid remixed
with manure.

o~ S bW

Plant Performance

A 100,000 cattle unit facility would input 1,200,000 1lbs of
dry solids per day to tge plant. The plant will use 4 digestor
vessels of 1,000,000 ft~ capacity each to provide the required
detention time for bacterial action. Methane generatgd would be
3,406,000 ft~/day, at a cost of $1.60 - $2.00/1000 ft~. The bio-
gas would be cleaned to the extent necessary and compressed to a

pipeline pressure of 850 psig for sale.

Digestor Heating

Judicious use of insulation and heat exchange are required in
the process to keep the net energy requirements as low as possible.
A coal fired boiler will provide a majority of the net digestor
heating requirement. Augmenting heat sources will be waste heat of
compression and solar energy. A form of flat plate collector using
digestor effluent as the heating medium has been patented and in-
corporated into the system design.

Capital Costs

Bio-Gas of Colorado has been engineering on this facility for
2 years and our latest capital cost estimate shows a $5,500,000 -
$6,500,000 cost for this facility. ($1,610 - $1,910 capital cost
per generated MCF) Figures 4 and 5 show capital cost figures for
digestion systems of various sizes as explained on each figure.

* On a theorgtical basis the breakgown of 1 1b of cellulose would
yield 7 £t~ of methane. 4.75 ft~ is an actual yield.
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We have built several of the smaller sizes as shown on figure 4,
and these figures include 40% markup over cost for the builders.

Figure 5 is estimated and assumes costs as related to an owner-
operator, however, IDC and contingency of 15% are allowed in figure 5.
As can be seen from 10,000-100,000 cattle units is the least size
sensitive area on the curve and 40,000-50,000 cattle units would be
required to ''make the deal" interesting to anyone contemplating a
manure/gas facility.

Some explanation of construction techniques is in order to
justify figure 5.

The process flow schematic is relatively simple. The facility
consists basically of large tanks and lagoons for holding slurries
and allowing amaerobic and aerobic bacteria to process the material
feedstock. The physical size of the tanks required to allow the
proper hydraulic detention time is the feature which causes the
largest increment of capital cost in the envisioned facility. Trad-
itional sewage plant design relies on concrete and/or steel tanks,
each custom engineered and field erected.

A factgr cost much reported for these municipal installations
is $2.00/ft” of digestor volume.

In.the envisioned facility, all tanks including the digestor
vessels themselves, the clarifiers and lagoons are all "Hypalon-
1ined" in-the-ground-trenches, a type of construction finding favor
in more recent waste treatment projects. Use of this type of con-
stguction has allowed keeping the total capital costs under $2.00/
ft” for this type of facility. This includes the extra equipment
such as slurry mixing, gas cleaning and compression, and liquid
aeration that a municipal facility would not require.

Conclusions

It is our contention that a potentially viable energy producing
industry could be operated in Colorado and in other agriculturally
oriented states for the following main reasons:

1.) Manure is available in "commercial' quantities in a

collected form.

2.) Today manure is available at $2.00/ton or less (5$.615

- $.705 million BTU). As a fuel manure today is cheaper
than coal.

3.) The technology is well known to convert the energy value

of manure into a very desirable form.

4.y 1t appears the cost of capital for the conversion

facility (under $2,000 per generated MCF) is also
desirable.
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FIGURE 2
PLANT INPUT & OUTPUT

ONUNIT WET TON BASIS

manure scr d- 4,0 Ton per head per year

® 1nput - Output:

2000 LB, - Wet Manure

1000 LB, - Water
1000 LB, - Dry Sollds
Which Contaln 11 LB. - Nitrogen
3.6L8. -P;0g
/ 8.7 LB. - Kol
652 180 170
Organic
390 LB,
Gas 3
3088 ft¥-CHy, 170 LB, sand
124 LB,
252 L8, Dlsselved
Anaeroblc Materlal and
Residue Salts to
©2.5% N Brine Pond

64 L8, Acroblc
Bucterla @ 6% N
3%% Crude Proteln
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FIGURE 4

[ } .1} } } } 1 1. [ i 69
: 800 T
o~y DIGESTOR SYSTEM COST
\ z 700 (SELLING PRICE TO ULTIMATE USER)
N SYSTEM BASED ON CONVENTIONAL STEEL TANK i
w CONSTRUCTIDN, INCLUDING AUTOMATIC MANURE ™|
F oo PROCESSING AND FEEDING,GAS CLEANING,
* - COMPRESSION AND SOME STORAGE, LIQUID
q SLUDGE DISPOSAL.
Y (5]
& oo\
W 500 \
5 2
) « \
-4 400
.}
! 8
i & 300
o
v 3]
B! (2]
= 200
- u
il -
L’
A
\ o 100
k ~
. o 50
[

i O 50 I00 200 300 400 500 600 TOO 800 900 1000

NUMBER OF CATTLE UNITS (1000 Lbs. EQUIVALENT)

+ FIGURE 5
i\ 'E‘ 150 ‘\ i } }
’ 2 DIGESTOR SYSTEM COST
3 Y \ (BUILDING COST TO ULTIMATE USER)
. c SYSTEM BASED ON RUBBERLINED TRENCH
‘ g CONSTRUCTION, INCLUDING AUTOMATIC MANURE
. \ PROCESSING AND FEEDING,GAS CLEANING,
« COMPRESSING AND SOME STORAGE, SLUDGE
) u \ DEWATERING AND STORAGE, AND LIQUID RECYCLE.
@ 100 \
| g N
| 3 \
C AN
(2]
[=]
(5]
2 s0 <
("1}
b @0 ‘ —
>
»n 30
2 20
o
1
[
} 0 0 102 103 104 108 108

NUMBER CF CATTLE UNITS {1000 Lbs EQUIVALENT,



70

REFERENCES /

Anderson, L. 1972. Energy Potential from Organic Wastes: I
A Review of the Quantities and Sources. Bureau of Mines,
Information Circular 8549, U. S. Dept. of Interior.

Burford, J. 1975. Energy Potential Through Bio-Conversion

of Agriculture Wastes: 1lst Progress Report 4-Corners Regional
Commission Grant FCRC No. 651-366-075, 4-Corners-Regional-
Commission.

Metcalf and Eddy, McGraw Hill Book Company, 1972,

Jewell, William J, Energy, Agriculture and Waste Management, -
Ann Arbor Science Press, 1975.

McCarty, P. L. "Anaerobic Waste Treatment Fundamentals: I.
Chemistry and Microbiology'" Public Works 95,9,107 (1964).

Pohland, F. G., and Ghosh, S., "Kinetics of Substrate
Assimilation and Product Formation in Anaerobic Digestion"
Journal WPCF, Vol. 46, No. 4, April, 1974.



